The degree of premature hair graying as an independent risk marker for coronary artery disease: a predictor of biological age rather than chronological age
Introduction
The incidence of atherosclerotic vessel involvement and the hair graying increase with advancing age. Age is the most important and uncorrectable coronary risk factor at the moment. The concept of measuring aging biologically rather than only chronologically may be important in clinical practice. Hair graying is the most apparent sign of biological aging in humans, yet its mechanism is largely unknown.
Atherosclerosis is a chronic inflammatory disease, which develops as a process occurring in the vessel wall, beginning with response to endothelial injury. Endothelial dysfunction is characterized with dysfunction of monolayer endothelial cells covering inside of the vessels. The regenerative capacity of endothelium provides protection against atherosclerosis. Failure of the endothelial repair initiates atherosclerotic inflammation and lesion formation in vascular bed. For a long time, in vascular system, it was believed that the damaged endothelial cells could only be repaired or replaced by proliferation and migration of neighboring endothelial cells (1) . However, this concept has changed with the demonstration of variable stem cells in blood, especially endothelial progenitor cells.
The mammalian hair follicle represents a unique, highly regenerative system that contains numerous stem cells. The stem cells at the base of hair follicles produce melanocytes, the cells that produce and store pigment in hair. The death or dysfunction of the melanocyte stem cells causes the onset of graying (2) . Similar to the vascular system, these stem cells have CD34 expression as well, and they may be related to functional maintenance of human hair follicle (3) .
Today, it is known that cardiovascular risk factors (CVRFs), especially in combination, cause premature atherosclerosis and we think that they may lead to premature and intense hair graying by possible interactions on follicular epithelium and resident stem cells similar to their effects on endothelium and circulating progenitor stem cells (3, 4) .
Previous studies with various sample sizes and different patient populations including coronary artery disease (CAD), myocardial infarction (5) (6) (7) (8) (9) (10) (11) noticed the association between premature graying and CAD (12) . Several of these reports also showed association between premature hair whitening and myocardial infarction, although many are relatively outdated and have some methodological limitations, especially in determining the extent of CAD and intensity of hair whitening. In addition, there are also conflicting results for this issue in the literature. Therefore, we tested and detailed this antecedent finding in this study.
In this study, we investigated the relationship of hair graying with CVRFs and coronary atherosclerotic burden and to determine whether it is an independent marker for CAD.
Methods

Study design and patients
The current study, having a cross-sectional observational design, was conducted in the cardiology clinic at the Rize Education and Research Hospital in Rize, Turkey.
Two hundred and thirteen men who underwent coronary angiography with the suspicion of CAD between April 2010 and December 2010 were enrolled. All patients had chest pain or angina equivalent symptoms with either positive treadmill test or myocardial perfusion study. Study population was divided into different subgroups according to absence or presence of CAD and percentage of gray/white hairs. Patients with recent acute coronary syndrome either with or without ST-segment elevation (within one month before enrollment), non-ischemic dilated cardiomyopathy, evidence of ongoing infection or inflammation, hepatic or cholestatic disease, hematological disorders and known malignancy were excluded from the study. Women were also excluded from study; because of exact determination of HWS in women is not possible due to hair coloring.
The study was performed in accordance with the principles stated in the Declaration of Helsinki and approved by the local 
Cardiovascular risk factors
Clinical characteristics, which consisted of multiple descriptors from each patient's history and physical examination, were collected by physicians from cardiology laboratory of each patient and were stored in the database of coronary angiography laboratory at our institutions. The patients were evaluated in terms of age, demographical properties and the CVRFs. Hypertension (HT) was defined as the active use of antihypertensive drugs or documentation of blood pressure more than 140/90 mmHg. Diabetes mellitus (DM) was defined as fasting plasma glucose levels over 126 mg/dL or glucose level over 200 mg/dL at any measurement or active use of antidiabetic treatment. Patients who were using tobacco products on admission to our hospital and those quitted smoking within the last year were considered as smokers. The family history for CAD was defined as a history of CAD or sudden death in a first-degree relative before the age of 55 years for men and 65 years for women.
C-reactive protein (CRP), routine biochemistry including glucose and lipids were measured. Serum CRP was analyzed using a nephelometric technique (Beckman Coulter Immage 800; Fullerton, CA, USA; normal range 0-0.8 mg/dL).
Hair graying assessment
We used a gray/white-hair scale to determine the percentage of hair graying (Fig. 1 ). Due to lack of a standardized scale in the current literature for the determination of premature hair graying, we formed and checked this scale for reproducibility in the first 25 subjects. Two experienced cardiologists who were totally blinded to the study details defined a percentage of white hairs for every subject by this scale (between 0 and 100%) in outpatient clinic. The intra-observer and inter-observer variability for this method were 1.5% and 5%, respectively.
In presentation, for categorization of data, hair whitening score (HWS) was defined according to percentage of gray/white hairs (1: pure black; 2: black>white; 3: black=white; 4: white>black; 5: pure white). Family history of early hair graying, hair loss score were also determined. Hair losing was scored as 0: none, 1: mild, 2: moderate, 3: severe.
Xanthelasma was described as plaque-like yellow lesions near the inner canthus of the eyelids (13). Arcus senilis, or corneal arcus, was described as a yellowish-white ring around the cornea (13). Earlobe crease was described as a line running diagonally from the bottom of the ear opening to the ear's lower tip (14) . We excluded autoimmune related hair losing or graying disorders from the study.
Coronary angiography
Standard selective coronary angiography with at least four views of the left coronary system and two views of the right coronary artery was performed to all patients using the Judkins technique. Coronary angiograms were recorded on compact discs in DICOM format. Atherosclerotic coronary involvement was assessed by the number of vessels involved (vessel score) and by a severity score. Significant stenosis was determined visually and defined as ≥50% reduction in lumen diameter in any view compared with the nearest normal segment. Vessel score ranged from 0 to 4, depending on the vessels involved (0: normal, 1: <50% luminal narrowing, 2, 3 and 4: ≥50% luminal narrowing for 1, 2 and 3 vessels respectively). Coronary atherosclerotic burden was assessed using the Gensini score (15).
Statistical analysis
The SPSS statistical software (SPSS 15.0 for windows, Inc., Chicago, IL, USA) was used for all statistical calculations.
Continuous variables are given as mean±standard deviation and median (25 th -75 th percentile); categorical variables are defined as percentages. Data were tested for normal distribution Figure 1 . A gray/white-hair scale was used to determine the percentage of hair whitening. Two experienced cardiologists who were totally blind to the study details defined a percentage of white hairs for every subject by this scale (between 0 and 100%) using the Kolmogorov-Smirnov test. Continuous variables with normal distribution were compared by Student's t-test and nonnormal disturbed variables by Mann-Whitney U test, and the Chisquare test was used for the categorical variables between two groups. Mean values were compared by ANOVA for normal distributed variables and Kruskal-Wallis test for non-normal disturbed ones among different groups. Linear and logistic regression analyses were used for the multivariate analysis of independent variables which were included if they were significantly different in the univariate analyses.
Logistic regression for presence of CAD as dependent variable was used for multivariate analysis of relevant independent variables including age, HT, DM, hyperlipidemia, family history of CAD, LDL cholesterol, triglyceride and hair whitening score. Linear regression for hair whitening score as dependent variable was used for multivariate analysis of relevant independent variables including age, HT, DM, hyperlipidemia, family history of CAD, smoking and creatinine.
All tests of significance were two-tailed. Statistical significance was defined as p<0.05.
Results
Clinical characteristics
Baseline characteristics of study population are presented in Table 1 . The CVRFs were higher in CAD group. Hair whitening score (HWS, 2.7±1.3 vs 3.3±1.2, p=0.002), hair losing score (1.2±0.9 vs 1.5±1.0, p=0.038) and xanthelasma rate (24% vs 45%, p=0.013) were also significantly different between normal coronary arteries (NCA) and CAD groups ( Table 1) .
Value of hair greying in prediction of CAD Age (p<0001), Gensini score (p<0.001) and coronary severity score (p=0.001) were high in the categories of increased HWS ( (Table 3) .
Relationship of hair greying with risk factors of CAD Multiple linear regression analysis, evaluating the effects of CVRFs on hair graying, revealed age (p<0.001), family history of CAD (p=0.004), hyperlipidemia (p=0.02) and creatinine (p=0.019) as independent factors associated with HWS (Table 4) .
Discussion
In this study, we investigated the relationship of hair graying intensity, which is a sign of biological aging in humans, with CVRFs and coronary atherosclerotic burden to determine whether it is related to CAD independent of chronological age and other CVRFs. We found that hair-graying score independently related to coronary atherosclerotic burden. In addition, hair-graying intensity associated with age, hyperlipidemia and family history of CAD and creatinine levels. The hair follicle is one of the most complex units of the human body. Although graying and whitening of hair is understood as a loss of pigment in the shaft, its molecular and cellular bases are partially understood. Theses for gradual loss of pigmentation include attenuation of enzymes involved in melanogenesis, impaired DNA repair, loss of telomerase, and antioxidant mechanisms (14, (16) (17) (18) (19) (20) . These proposed mechanisms are also valid in atherosclerosis. Oxidant stress, androgens, inflammatory process, senescence of functioning cells were all proposed for atherosclerosis as well. In our opinion, CVRFs may have some negative effects on follicular cells including resident epithelial, neural, and mesenchymal stem cells similar to their effects on endothelium and progenitor stem cells in vasculature. Thus, while follicular cell dysfunction and cell apoptosis cause hair whitening and loss, these findings can simultaneously represent atherosclerotic influence due to the common mechanisms and individual host responses to CVRFs.
Although hair graying in different ages is a very common phenomenon, the events that cause and control natural and pathological hair graying and whitening in humans are not yet clear. We know that CVRFs have negative effects on endothelium and circulating stem cell function and may cause progressive cell senescence.
The mammalian hair follicle represents an unequaled, highly regenerative system that contains many different stem cells. Hair follicle undergoes life-long cycles of rapid growth. These transformations are controlled by changes in the local milieu, based on changes in activity of a number of cytokines, hormones and neurotransmitters (4) . The stem cells at the base of hair follicles produce melanocytes, the cells that produce and store pigment in hair. The death or dysfunction of the melanocyte stem cells causes the onset of graying (2) . Similar to the vascular system, these stem cells have CD34 expression as well, and Table 2 . The distribution of study parameters in categories of the hair whitening in men they may be related to functional maintenance of human hair follicle (3). We speculate that CVRFs have some effects on local milieu in the hair follicle, thus depress follicle function because of local reactions. Lebon et al. (12) who noticed the association between premature graying and coronary artery disease reported the first study on this issue. They concluded that premature graying of the hair is an independent risk factor. Our findings also supported these observations and detailed them. Afterwards, subsequent studies with various sample sizes were performed in different patient populations including CAD, myocardial infarction in black or white men or women (5) (6) (7) (8) (9) (10) (11) . Several of these reports also showed association between premature hair whitening and myocardial infarction, although many are relatively outdated and have some methodological limitations, especially in determining the extent of CAD and intensity of hair whitening. Therefore, there are conflicting results in the literature. Schnohr et al. (8) published a report with data derived from the Copenhagen City Heart Study. The authors identified male pattern baldness as a risk factor for myocardial infarction as well as hair graying and facial wrinkling. The authors, however, revoked their conclusions afterwards (9) . In a relatively new study by Miric et al. (10) moderately grey hair yielded a significant relative risk of MI, but only in men under the age of 45 years. Mansouri et al. (11) investigated the relation between premature hair graying as well as androgenic alopecia and CAD in women, and demonstrated a significant association. In our study, we also tested this antecedent finding and discovered supportive results.
As a risk marker, increased HWS may be important for atherosclerotic vessel involvement, but at any given age, it is clear that the absence of gray hair does not prevent the appearance of CAD. On the other hand, in cumulative assessment of CVRFs on human body, presence of biological aging signs may be useful in identifying individuals with increased risk of cardiovascular disease.
Because premature hair graying was found to be a cardiovascular risk factor independent of chronological age and other traditional CVRFs, it may be a marker of atherosclerosis that cannot be explained by the traditional CVRFs and predicted by risk scores. Previous studies has shown a relationship between hair whitening and incidence of MI or presence of CAD, however the relationship between premature hair graying and coronary atherosclerotic burden has not been searched therefore premature hair graying was not determined as an independent risk marker for extent of atherosclerosis until now.
Atherosclerosis is a consequence of chronic inflammatory reactions in the vessel wall. These inflammatory reactions begin with the increase in endothelial permeability caused by endothelial dysfunction, which represents the impaired balance between vascular damage and repair. Recently, it was proved that endothelium is not alone to balance against damaging effect of CVRFs in vasculature. In this reparative process, a more important role seemed to belong to EPC in circulation. After firstly defined by Asaraha et al. (21), we have gained more knowledge about their source, roles, levels and functionality. CVRFs, like aging, DM, hyperlipidemia and smoking, affect the EPC count and act destructively (22) (23) (24) (25) (26) (27) (28) (29) . Recently, these effects are emphasized for the development of atherosclerosis.
Biological age may be important in determining patient's total cardiovascular risk. Various skin conditions are considered to be characteristic markers for increased coronary disease risk. People exposed to different risk factors and environmental effects have individual responses, which can be determined by the genetics and life habits. Classical risk scores like Framingham risk score use the same parameters and chronological age for everybody but the usage of biological age may be important in these calculations. Greying or whitening of hair and baldness are common signs of aging, which may play a role as indicators of the biological age of an individual. In the future, a useful scale may be introduced to predict biological age into clinical practice. Currently physicians use individual sense to do this but in our opinion a generally accepted scale is needed for this purpose. In addition, it Table 3 . Prediction of presence of CAD in study population: multiple logistic regression analysis is possible that we could learn more about pathophysiology of atherosclerosis by investigating causative genetic and environmental factors that determine premature hair whitening.
Study limitations
In our study, study population consisted of patients with known CVRFs, which may produce relatively higher risk population than age-and gender-matched individuals and this selection bias is likely to affect the predictive power of HWS for CAD. In addition, relatively racially homogenous population due to a restrictive geographic area and no possibility to establish causality as an epidemiological study was the other limitations of our study.
Conclusion
Our findings suggested that the degree of hair graying is related to presence of CAD independent of chronological age and other CVRFs. Further studies are needed to clarify how hair graying or whitening represent host response to the CVRFs by possible functioning cell interrelations in vasculature. In cumulative assessment of CVRFs on human body, presence of premature hair graying may be useful in identifying individuals with increased risk of cardiovascular disease.
